Hypothesis: That factors affecting outcomes of surgical resection in the treatment of gastric cancer can be identified using a large US database.
In-hospital mortality for patients undergoing surgery was 6.0%, without significant change from 1998 
Conclusions:
Higher annual surgical volume is predictive of lower in-hospital mortality for patients undergoing gastric resection for neoplasm. Other factors significantly associated with superior outcomes after gastric resection included diagnosis type, procedure type, younger age, female sex, and fewer comorbid conditions. Arch Surg. 2007; 142:387-393 G ASTRIC CANCER IS THE second leading cause of cancer-specific mortality worldwide and the eighth leading cause in the United States. The American Cancer Society estimated that stomach cancer would have an incidence of 22 280 cases and would cause 11 430 deaths in the United States in 2006. 1 Surgical resection is currently the only treatment option for gastric cancer with curative potential. Options for surgical treatment may depend on factors including the anatomic location of the tumor, histologic type, stage of disease, and patient's comorbid conditions. Gastrectomy confers the greatest likelihood for survival in the treatment of invasive gastric cancer. 2 The type of gastrectomy remains an area of some debate; recent investigations have suggested that total gastrectomy offers no survival advantage over distal or proximal subtotal resections based on the anatomic location of the tumor. 3 A regional study noted an overall decrease in operative mortality rates for gastric cancer resections, including total gastrectomy, extended total gastrectomy, distal gastrectomy, and proximal esophagogastrectomy, during the 20 years from 1976 through 1995. 4 In contrast, a more recent national analysis of operative mortality trends from 1994 through 1999 found that the operative mortality rates of gastrectomy did not decline during the period studied. 5 
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Hospital volume has been identified as having a significant influence on surgical outcome; several studies have demonstrated an inverse relationship between operative mortality and hospital surgical volume for high-risk procedures, including major cancer resections. [6] [7] [8] [9] In light of this relationship, it has been proposed that implementation of volume standards could prevent many surgical deaths. 10 Others have argued that the volume-outcome evidence is still incomplete, and a better understanding is needed of the factors that contribute to the apparent relationship between high volume and better outcome.
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Other predictive factors of operative mortality that have been identified include age and type of resection. 12 Many studies examining surgical outcomes for gastric cancer are limited by the number of subjects or by a single-institution design. The goal of this study was to use the Nationwide Inpatient Sample (NIS), a national administrative database, to analyze contemporary inhospital mortality rates for gastric resections for neoplasm. We examined the relative effects of predictors of in-hospital mortality, including hospital volume, patient age and sex, diagnosis, procedure, and comorbid conditions. We further examined the contribution of these factors to possible outcome differences among high-, medium-, and low-volume hospitals.
METHODS

DATABASE
To evaluate trends in gastric resection for neoplastic disease at the national level, we used the NIS for January 1, 1998, through December 31, 2003 . The NIS is the largest national all-payer hospital inpatient care database in the United States. Data exist for approximately 7 million hospital discharges per year from a stratified sample of 20% of nonfederal US community hospitals from participating states (n=37 in 2003), including academic and specialty hospitals. 13 The NIS is supported by the Healthcare Cost and Utilization Project and contains all-payer discharge information for 100% of patient discharges from participating hospitals. A weighting strategy is implemented by the NIS to allow population-based estimates to be drawn at the national level. Sampled hospitals are given appropriate weights based on the number of hospitals they represent in the database for a given year.
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DIAGNOSIS AND PROCEDURE CODES
To identify all patient discharges with the principal diagnosis of gastric neoplasm, we used selected codes from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). 14 We limited the initial cohort to patients undergoing gastric resections based on ICD-9-CM procedure codes. The diagnosis and procedure codes used in the analysis are listed in Table 1 .
VOLUME ANALYSIS
To evaluate annual surgical volume, we divided the participating hospitals into 3 groups. Hospitals that performed a mean of 4 or fewer gastric resections per year were classified as lowvolume centers; more than 4 to less than 11 gastric resections per year, as medium-volume centers; and 11 or more gastric resections per year, as high-volume centers. The cutoff values of 4 and 11 resections were chosen because they evenly divided the national distribution of annual hospital volume for gastrectomy into thirds, a technique previously described. 15, 16 
OUTCOME ANALYSIS
The primary measured outcome for this study was in-hospital mortality. Mortality was defined as death from any cause prior to discharge, regardless of the time from the operation.
STATISTICAL ANALYSIS
We analyzed all data using the advanced survey procedures in SAS statistical software (version 9.1; SAS Institute Inc, Cary, NC). Univariate analyses of categorical variables were performed using Rao-Scott 2 tests, with PϽ.05 considered statistically significant. Trend analyses were performed using the Mantel-Haenszel 2 test. A multivariate logistic regression was constructed with in-hospital mortality as the dependent variable. Independent variables included patient age group (Ͻ50, 50-69, and Ն70 years), sex, year of resection, type of resection, neoplasm diagnosis, and various comorbid medical conditions (congestive heart failure [CHF], renal failure, diabetes mellitus, and liver disease). 17 Although a total of 30 comorbid conditions are listed for use with the administrative data sets, 17 many are not readily applicable or important to surgical patients or were only recorded in a few patients. Therefore, CHF, renal failure, diabetes mellitus, and liver disease were chosen to be analyzed as a representative sample with clinical appli- cability to surgical procedures. In addition, certain hospitallevel characteristics were included, such as hospital surgical volume (low, medium, or high), hospital type (teaching or nonteaching), and geographic region. Adjusted odds ratios (ORs) were calculated to determine the effects of the identified covariates on the outcome measure of in-hospital mortality.
RESULTS
PATIENT DEMOGRAPHICS
From 1998 through 2003, 50 738 patient discharges (representing 250 420 patients nationally) occurred with the principal diagnosis of gastric neoplasm. All further data references list weighted numbers parenthetically to also highlight the data representative of the national trends and differences. Of this initial cohort of patients, 13 354 (26.3%) (representing 66 096 patients nationally) underwent gastric resection during their hospitalization. Of the patients undergoing surgery, 7996 (59.9%) (representing 39 605 patients nationally) were male. The mean age for patients undergoing surgery was 67 (range, 18-105) years; 11.6% were younger than 50 years; 39.4% were aged 50 to 69 years; and 49.1% were 70 years or older. Patient demographic characteristics are summarized in Table 2 .
UNIVARIATE ANALYSIS
For all patients undergoing gastric resection, in-hospital mortality was 6.0%. Male patients were found to have significantly increased in-hospital mortality. Increasing age was also associated with increased mortality. Significant differences in in-hospital mortality were also found across diagnoses. Table 3 summarizes the types of procedures patients underwent based on ICD-9-CM diagnosis codes. The highest rate of mortality was found among patients undergoing resection who had been diagnosed as having abdominal esophageal tumors (15.5% in-hospital mortality) compared with patients who had benign neoplasms (1.1% in-hospital mortality) (overall PϽ.001) ( Table 4) .
Gastrectomy/BillrothIIwasthemostfrequentlyperformed operation (36.4%). The highest rates of in-hospital mortality were found among patients undergoing total gastrectomy with or without intestinal transposition, including esophagogastrectomy (8.0%), gastrectomy/Billroth II (6.0%), and proximalgastrectomywithesophagostomy(5.9%),compared with patients undergoing distal gastrectomy/gastropylorectomy-Billroth I (3.2%) (overall PϽ.001) ( Table 4) .
Certain comorbid conditions were also found to be predictive of increased in-hospital mortality, including CHF, renal failure, and liver disease.
Comparisons of patient characteristics across surgical volume levels demonstrated that patients treated at hospitals with higher surgical volumes were slightly younger compared with the 2 lower-volume groups (mean ages, 65.6 vs 68.5 and 67.2 years; PϽ.001). Patients at high-volume hospitals were also found to have a lower percentage of certain comorbid conditions, specifically CHF. Compared with the 2 lower-volume groups, high-volume centers surgically treated a higher proportion of patients diagnosed as having gastroesophageal junction tumors (28.5% vs 15.5% and 21.4%) and a lower proportion of patients with gastric body tumors (43.5% vs 47.4% and 47.5%), antrum/ pyloric/prepyloric neoplasms (16.0% vs 22.9% and 18.9%), and benign neoplastic disease (8.8% vs 11.4% and 9.2%) (overall PϽ.001). High-volume hospitals performed a greater number of total gastrectomies (32.7% vs 23.1% and 28.0%) and proximal gastrectomies (14.5% vs 9.0% and 11.6%) and fewer gastrectomies/Billroth II (30.8% vs 42.5% and 36.0%) (overall PϽ.001) ( Table 5) .
MULTIVARIATE ANALYSIS
Using a multivariate logistic regression model, we evaluated independent predictors of in-hospital mortality (Figure) . Lower annual surgical volume was found to be predictive of significantly increased in-hospital mortality for patients undergoinggastricresection(lowestvshighestvolume,6.8% vs 4.9%; adjusted OR, 1.5; 95% confidence interval [CI], 1.2-1.8). Male sex was associated with significantly increased in-hospital mortality (male vs female, 6.7% vs 5.0%; adjusted OR, 1.3; 95% CI, 1.1-1.5). Increasing age was also predictiveofincreasedmortality(50-69vsϽ50years,4.0%vs2.1%; adjusted OR, 1.5; 95% CI, 1.1-2.2) (Ն70 vs Ͻ50 years, 8.6% vs 2.1%; adjusted OR, 2.9; 95% CI, 2.0-4.3). Among pro- cedures, total gastrectomy was found to be predictive of significantly increased in-hospital mortality (total gastrectomy vs all other resections, 8.0% vs 5.3%; adjusted OR, 1.4; 95% CI, 1.2-1.7). Comorbid conditions found to be associated with significantly increased in-hospital mortality included CHF (adjusted OR, 2.4; 95% CI, 2.0-2.9), renal failure (adjusted OR, 6.3; 95% CI, 4.5-8.8), and liver disease (adjusted OR, 2.5; 95% CI, 1.6-3.9) ( Table 6 ).
COMMENT
In this study, we used representative US data from the NIS to demonstrate that the overall in-hospital mortality after gastric resection for neoplasm was 6.0% from 1998 through 2003. Our analysis shows that a number of factors affect the in-hospital mortality rate for gastrectomy. Factors predictive of significantly increased mortality included male sex, older patient age, diagnosis type, gastrectomy type, and low annual hospital surgical volume. On univariate analysis, men had an approximately one-third excess risk of in-hospital mortality compared with women (6.7% vs 5.0%). Patients in the oldest group (Ն70 years) had a more than 4-fold risk of death compared with the youngest patients (8.6% vs 2.1% for age Ͻ50 years). Patients in the intermediate age group (50-69 years) had an intermediate mortality rate (4.0%). In our study, patients undergoing total gastrectomy had the highest in-hospital mortality (8.0%) of any gastric resection type, in contrast to patients who underwent distal gastrectomy/gastropylorectomy/Billroth I (3.2%). Patients with certain comorbid conditions had much higher in-hospital mortality, including individuals noted to have renal failure (29.0%) and CHF (16.2%). A hospital's annual gastrectomy volume correlated with decreasing mortality, with low-, medium-, and high-volume hospitals having crude mortality rates of 6.8%, 6.4%, and 4.9%, respectively (PϽ.001). In the present study, we found that in-hospital mortality rates did not significantly change from 1998 through 2003, and that rates ranged from 5.3% to 6.5% during this era (P=.40).
To examine possible reasons for the mortality differences seen across hospital volume strata, we performed comparisons of selected covariates across low-, medium-and highvolume hospitals. These analyses demonstrated consider- pare favorably with those reported previously in the literature. Birkmeyer et al, 9 who used the Medicare Claims database and the NIS for 1994 through 1999, found that the in-hospital or 30-day mortality for gastrectomy for cancer ranged from 8.7% to 13%. Finlayson et al 7 used the NIS from 1995 through 1997 to examine mortality after 8 types of cancer resections and reported a mortality rate for gastrectomy ranging from 6.9% to 8.7%. Neither of these studies presented an overall mortality rate after gastrectomy, only ranges over volume strata. A national study from the Department of Veterans Affairs medical centers showed a 7.6% overall 30-day mortality rate after gastrectomy for cancer. 18 Case series studies from single institutions in the United States have reported postoperative mortality rates as low as 4% after gastrectomy for adenocarcinoma of the stomach 19 ; however, these rates are not directly comparable to our national level data. Although gastric neoplasms and their surgical treatment are known to vary widely by geographic region and by patient race and ethnicity, [20] [21] [22] [23] international reports of interest include an operative mortality of 6.5% for curative resections for gastric cancer at a single institution in Chile from 1982 to 1990. 24 Gastric cancer results differ most strikingly in Asian countries 20 ; a recent study from Taiwan reported in-hospital mortality ranging from 1.4% to 5.4%. 25 Our results showing that factors including male sex, older patient age, and procedure types including total gastrectomy increase perioperative mortality validate in part the previous work of others. In an analysis based on the Dutch Gastric Cancer Trial, investigators found that being older than 65 years and male were the most important risk factors for death, together with the extent of nodal dissection. 26 Total gastrectomy has been found by some investigators to confer an additional risk of mortality, 19 whereas the national Veterans Affairs study did not find a significance difference for morbidity or mortality by gastrectomy type. 18 An increasing body of evidence has documented the inverse relationship between operative mortality and hospital surgical volume. [6] [7] [8] [9] However, unlike the results for procedures such as pancreatic resection, for which the volume-outcome relationship has been consistently established, 16, [27] [28] [29] [30] [31] [32] the existing literature has painted an indeterminate picture as to volume effects on mortality after gastrectomy. Investigators using the Medicare Claims database and the NIS for 1994 through 1999 found that the mortality with gastrectomy for cancer ranged from 8.7% to 13% across volume strata. 9 The same group, 7 using the NIS for 1995 through 1997 to examine mortality with 8 types of cancer resections, found that differences for in-hospital mortality between low-and high-volume hospitals only were significant for pancreatectomy, esophagectomy, and pulmonary lobectomy. Mortality rates for gastrectomy ranged from 8.7% in low-volume hospitals (Ͻ9 procedures) to 6.9% in high-volume hospitals (Ͼ17 procedures), and after adjustment for confounders no difference was found in the adjusted OR for mortality.
Previous data are conflicting regarding improvement in operative mortality of gastric resections over time. 4, 5 Our data do not show a decrease in operative mortality for gastrectomy during the recent period from 1998 through 2003, although our overall mortality skews lower than those of earlier studies. However, given known differences in databases such as the NIS, Medicare Claims Database, Medicare Provider Analysis and Review, and Veterans Affairs National Surgical Quality Improvement Program, our results, while encouraging, are not directly comparable to those of the previous studies.
Our study is by definition limited by the confines of the NIS data. Because the NIS is an administrative database, the accurate assessment of case mix, including comorbidities, and the separation of preexisting comorbid factors from postoperative complications can be difficult. 33, 34 Stage information and preoperative patient performance status measurements are not included in the NIS data set, although other investigators have concluded that such patient-level characteristics are not likely to explain mortality differences across hospital volume levels. 7, 9, 26 A further caveat is that the present study examines the outcome measure of in-hospital mortality. Other important outcomes, such as perioperative complications (eg, hemorrhage, infection, anastomotic leak, need for reoperation or intervention, and hospital readmission) and longterm survival, are also important in understanding the global risks after gastrectomy for neoplasm.
Our data demonstrate that, in a large national database, patients undergoing gastrectomy at high-volume hospitals have decreased perioperative mortality compared with patients undergoing these procedures at lower-volume hos- pitals.Althoughpatientsatlow-volumehospitalshaveanumber of risk factors predisposing to poorer outcomes, such as older age and significant medical comorbidities, these volume-mortality relationships maintain significance after a logistic regression to control for these and other covariates. Our overall in-hospital mortality rate of 6.0% for gastrectomy for neoplasm is comparable to the 5.9% rate of inhospital mortality for pancreatic resection for neoplasm in the NIS during the same period, which we have recently reported. 16 Because gastric neoplasms carry a relatively poor prognosis, patients being considered for gastric resection for neoplasm may be able to markedly improve their odds of long-term survival by seeking care at hospitals that perform relatively high volumes of such surgery.
lution? Have the authors seen equivalent responses with alternative hyperosmotic solutions, for example, hypertonic saline?
3. The authors conclude that adjunctive DPR may favorably impact postresuscitative SIRS. To what extent have they been able to confirm this hypothesis in a chronic version of their animal model? And finally, the "million dollar question" (although perhaps in the current economic environment a million dollars is too small an amount)-have they examined the impact of this approach in patients?
I thank the Association for the privilege of discussing this important paper.
Dr Garrison: Dr West, thank you for your questions. The DPR solution was started at the beginning of the intravenous resuscitation rather than at the time of the hemorrhage. The resuscitation was then carried out during the ensuing 30 minutes. The vasodilatory effect of the peritoneal dialysis fluid is almost instantaneous, and the microvessels maximally dilate. If you topically apply nitroprusside, the vessels will not dilate further. We have done other studies focused on osmotic control of the dilation effect. For example, mannitol will have the same effect. We have used peritoneal dialysis fluid because it is available in the clinical setting. The mechanism of the osmotic effect appears to prevent the sodium and water transport across the membrane in response to cellular acidosis of the shock state. We have looked at a more severe model of shock with a focus on outcome, and DPR improves survival by about 30%. We have done experiments in a model of severe decompensated shock.
The osmolarity of the 2.5% solution that was used in these studies is almost 400. You asked about our clinical experience with this technique. We have used it in 12 patients with various degrees of acute abdominal compartment syndrome or in shock patients where damage control laparotomy was used. Several patients in this experience died as a result of severe injury early in care or from head injury. This small experience does not allow an analysis as a function of severity of injury or degree of blood loss, but we have noted that bowel edema was minimal at the time of reexploration and pack removal, and we were able to close the abdominal fascia.
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